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1 
This invention relates to a method of consoli- 
dating granular particles of refractory material, 
aia temperature lower than heretofore possible, 
itto a.highly refractory and mechanically strong 
or 10ad-bearing product, which consists essen- 5 
tially of magnesia and silica and for most ap- 
plications contains an appreciable amount of 
aumina. 
In accordance with the present'invention 
granular particles of refractory material con- 10 
taining a total of aç least 80% by weight of mag- 
nesia,, silica and alumina, and in which he 
weight ratio of magnesia to silica and alumina is 
at leasç equivalent to 1.5 rimes the silica plus 0.5 
rimes the alumina, are mixed with a relatively 15 
non-refractory material, preformed or natural, 
containing at least 75% by weight of magnesia, 
silica and alumina, of which substantially 35 to 
82% is silica, 0 to 40% is magnesia, and 0 to 50% 
is alumina. It will be observed from the mag- 20 
nesia-alumina-silica phase equilibrium diagram 
which accompanies this application (Figure 1) 
that complete reaction between the above com- 
ponents of the non-refractory material, within 
the limits of composition giron, leads in every 25 
case to the formation of low-melting silicates, 
with no magnesia present as periclase. This is 
essential in order that the non-refracçory con- 
stituent will form a substantial body of liquid ai 
a temperature of 1500 ° C. or less. The refractory 30 
and non-refractory constituents are mixed in 
such proportions that the amount of magnesia 
in the final mixture is hot substantially less than 
1.34 rimes the silica plus 0.40 rimes the alumina 
in order to insure that there is present magnesia 35 
in quantity at least suflcient to convert all of the 
silica to magnesium ortho silicate (forsterite) 
and all of the alumina to magnesium .aluminate 
(spinel). The mixture is heated fo a tempera- 
ture higher than that of incipient fusion of the 40 
non-refractory constituent. As the latter metts 
it reacts with the magnesia of the refractory con- 
stituent to form forsterite (21VIgO.SiO2) and 
spinel (1VIgO.AlO3), both of which fuse onty at 
much higher temperatures, and which with mag- 45 
nesia form no eutectic melting below 1700 ° C. 
As heating is continued, the non-refractory con- 
stituent is eliminated by reaction with the re- 
fractory granular material, and the result is a 
bonding together of the refractory granules to 50 
a .load-bearing structure which, does hot even 
soften except at an extremely .high temperature. 
. Inorder to secure the beneflts of the invention 
if i.s essential to select both the refractory granur 
1.ar..material and the -re.lati.vely non-refractory 55 
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2 
material to be used within the particular com- 
position ranges given. 
Because of the tendency of calcareous ma- 
terials to react with aluminous materials and 
form low-melting products which cannot be 
eliminated by heating with materials high in 
lime or magnesia, it is important that both the 
refractory and non-refractory constituents used 
in the practical application of this invention 
should be relatively low in lime. For the highest 
refractoriness in the product they should be en- 
tirely free from lime, but such raw materia as 
sea-water periclase, Washington, European and 
Manchurian magnesites, are, as marketed, sufl- 
ciently low in lime to permit their use, either 
as the refractory granular material to be bonded 
or in the preparation of the low-melting con- 
stituent to act as a bond. The presence of 1% of 
lime in the final product may result in the for- 
mation of 6 to 7% of liquid when the temperature 
is raised to 1700 ° C., but for many applications 
this is hot particularly objectionable. In other 
applications it is advantageous to have all raw 
materials substantially lime-free. 
Other impurities than lime are often objection- 
able if present in more than minor proportion; 
but the normal magnesias mentioned above are 
satisfactory in this respect. Within the limits 
already set out above, silicaand alumina in the 
refractory constituent are hot objectionable, and 
in the non-refractory constituent they are relied 
upon to form a low-melting material with the 
magnesia. 
A characteristic of mixtures of the type coming 
within the scope of this invention is that when 
exposed to temperatures at or above the melting 
point of the non-refractory constituent they :flrst 
become pasty, as this constituent melts, and then 
stiffen up as the reaction proceeds with the re- 
fractory granules; eventually the whole mass be- 
cornes quite hard, Within wide limits, the higher 
the temperature used, the harder will be the 
product, the reason being that progress towards 
ultimate equilibrium is more rapid and more 
nearly complete at the higher temperature. 
.. The non-refractory constituent may be one 
or-a combination of several natural minerals or 
rocks of suitable composition, or it may be pre- 
formed by any suitable method. Complete fuSïon 
can readily be brought about by heating raw ma- 
terials of the desired .over-ail composition ànd 
physical character in water-jacketed blàt 
fm'naces (when coarse) or in reverberatory or 
electric -furnaces (whether coarse or. fine) ;. 
Granliaton in- Water is. a .cheal. ard convenient 
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means of converting the non-refractory material 
to a suitable grain size. Fusion can, if desired, 
be brought about in rotary kilns, but when these 
are used it is customary fo carry out the opera- 
tion ai such a temperature that sintering, shrink- 
age and nodulization of the fine charge occur 
without completê fusion. In Sch a case the 
reaction, does hot usually proceed to complote 
equilibrium, but sufficient liquid is formed fo act 
as a strong bond upon cooling. After being t0. 
cooled, the fused or clinkered product is crushed 
t0 the desired grain size for use as a non-refac- 
tory constituent in the bonding of the refractory 
granular material. 
If bas been round that .the best results are 15. 
obtained when the non-refractory constituent 
is substantially of a grain size v¢ithin the range 
6 to 20 mesh. When the material is coarser, 
drainage of the non-refractory constituent, prior 
fo reaction v¢ith the granular refractory is more 20 
likely to occur; when i is too fine (especiatly if 
fine material also occurs in. the refractory-con- 
stituent) the-reaction may take place so-rapidly 
that insufficien liquid exists a any one rime 
to shrink the particles properly and bond them 25 
strongly together. Thus the use - of very fine 
materials may result in a product whicb, while 
equally refractory, is reltively soft, and hence 
not satisfactory with respect to mechanical 
strength. The use of fine particles of non-re- 
fractory constituent is not objectionable when 
fines have been removed from the refractory 
potiron. 
Since the invention comprises a meth0d of con- 
solIdating granular particles, of refractory ma- 
terial, it follows that this material must hot be 
wholly fine. There is, howëver, a considerable 
range of particles size which gives good results. 
For exàmple, fettling materials somëtimes consist 
of at toast 50% by weight of pàrtilês coarser 40 
than ¼", whereas in manuïacturing brick it is 
customary tò crush thë raïv materials untiI sub- 
stantially all prtictes are blow ¼", or in some 
cases even below ".. Rèfractory màterials to be 
bonded should preferably coritirI ai least 0% by 
weight of grain coarsr than- 20 mesh. 
The operation of the invention is itlustrad by 
reference fo the accompanying drawings iH which, 
Figure I is a simplified form ofthe phase equfli- 
brium diagramof ttïeternary system magnesia- 
alumia-silica as published by the United States 
Steels Corporation, revised edition, Apil., 1943; 
Figure 2 shows, for the saine system, the ranges 
Of composition of the non-refractory material of 
thê invention which are (1 100% and (2 ï5% 55 
liquid at 1500  C., and 
Figure 3 particuIarly designates on the diagram 
ttle limits of the non-refractory matêrial spêci- 
flcally defined herein and also the limits of com- 
position of the refractory granular particlês to 60 
be bonded. 
These drawings facilitate a ready understand- 
ing of tie scope of the invention. If will be ob- 
servid () that ttie composition of the granular 
refractory materiaL on he basiS of its content of 
mgnesia, alumina and silica orily, bas a pro- 
porkion of magnesia at leäst equal to 1.5 times 
the silica and 0.5 times the alumina, as shown 
by lne , Figure 3» aid lies appreciabIy beiow the 
forsterte-spinel join, line [ on the diagram, and 70 
acordingly bas exCes manesia above that re- 
quired to form/orserite andSpinël, which exceSs 
wlll combine with the silica and alumina of th 
non«refractory material,, and (b) that thëc0m- 
position of thé: non-refractory materfat usedto 75 

consolidate the refractory granules lies sub- 
stantially within the hexagonal area A shown 
in Figure 3, and preferably within the hexagonal 
area B of the saine figure. The forsterite-spinel 
5 join, line  Figure 3, corresponds fo compositions 
in which the amount of magnesia is 1.34 rimes 
thê silic plus 0.40 times thê-alumilï. : 
Example 1 
There is available in the form of granular 
reZactory particles a synthetic material con- 
tainig substantially 40% magnesia and 60% 
alumina, and if is desired to make a brick of 
thig.material having a strong ceramic bond, such 
as could hot b'e secured from the particles alone 
withoUt, bur-iing, thC brick af an excessively high 
temperature. There is also available, as a low- 
melting constituent, a siliceous talc containing 
substàntially 16 MgO, 74 SiO2, 7 FeO, 1 AltOs, 1 
CaO and 1% loss on ignïtion. If wfll be observed 
that the'constituents maesia, silica and alu- 
mina are present in the proportions-17.6» 81.3 and 
1.1% respectively, a-composition correspondhig 
closely fo corner z of the hexagonal area 
Fig. 3. The siliceous talc, partty because of the 
presence of the minor quantitles of impurie, 
forms some liquid upon being heted fo bot 
1350 ° C., and is substantially all molten.at'tO0. 
This materiat is crushed until af least 50%-of 
if will pass a 6 mesh creen and be retained on 
20 mesh, ard l0 parts of it are mixed with 90 
parts of the refractory grandlar partiCIês wliCh 
bave been prePared by crushing them so that 60% 
is minus 6 plus 65 mesh and 40% miius 65 msh. 
The whole is moistend with water and.a 
able temporary bond, sueh as a còncentrated 
lignin, liquor, tempered in a wet pan and mòidd 
into brick, as in odinary brick-mking prc 
tice. The brick are thon burned at - . 150  C 
Belote this temperatur bas been reached sub 
stantial]y all thë nonrefractorY constituent ha 
been converted fo liquid; this thon gradually 're- 
acts with the excess magneia of the reractory 
granules and is itelf ëlminated thïougtI th 
formation of refractory compound. The 
composition, on the basis, of thë magnesia, alu 
mina and silica only, is about 37.9 magnesia, 54.6 
alumina and î.% silica.. This comPosiçi0n is 
not apprecibly affected by the impurlties 
siliceons talc, and the burned brickcontàin sub- 
stantially only spinel and forsterlte, vhiCh 
gether form no liquïd below 1700 .° C., and in tte 
proportions present would not be wholly :molten 
below 2000 ° C. By the meh0d dëscribed theré 
is produced af the ordinary temperaturë of blrï- 
ing, a ceramically bonded brïckof exceptionally 
high refractorinegS. 
Example 2 
It is desired to use in the formation of a ré: 
fractory brick a granular sea water periclase con- 
taïning substantially 93 magnesiu, 5 silica and 2 % 
lime. (For purposes of ca]culation, this máy be 
taken a 95 magnesia and 5 silica.) It has beén 
crushe until 20% remains on 6 mesh and about 
25% is finer than 100 mesh. its refractorinëSs 
s so high that it cànnot be burned al0n o a 
hard,. ense brïck except at- 600 ° C. or higher. 
In or;er to permit burnng af a lower teinperà- 
tare, there are mixed with 5 parts- of the granu- 
lar seawater refractory 25 pars. Of minus 6 mesh 
g-ranitë,:.Which c0ntains 2:6 MgO 13.0 AI, 
71.1 SioE, 2.5 Fe0, 1.8 FCO, 2.0 CaO, 4.0 NaO 
and 3:0% KO, thaç iS;:magnesia, almtna arit 
siliCa ubstantial]y in the propotionS , '1.5 .hnd 
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82%, respecttvely.  These three consituents 
alonë,which in. cbmpositi6n correspond CloselY 
to: Corner -thë .ëxon area A of g. 3, 
Wodin c0mbltion frm 75% quid at. 1500  
C., and actHy  Nae of minor amounts of 
alkli,, tron .ànd; other oxides present, begin to 
ëbelow :10'0 ahdare Wholly molten at abou 
!450C« xed .with the highly refrctory seà 
wtëf pericle and fomed into brick by the 
usl means, the gratte mel as above and thon 
réac th the periclase to form a mechanically 
strog bck consisting, essentially (neglecting 
firitiès) oL 2 mágnesia, 3.8 alumina and 
242 iCa, 0 5.2 spinel, 56.5 forsteritv and 
38.3% periclase,, wch combination forms no 
liquidbelow !700 and is hot wholly molten below 
 this Cëï seni or ote me be Stis- 
fly utiçd for rte, provided tht 
eY e hot dërbly hiçh in lime, but the 
i produc Will then hve  slihtiy fferent 
CmsitiOn. 
 A  rffcY granular material containg 
aUt 80 maesia, 15 alina and 5% sca 
rëqured be hded at the lowest feasible tem- 
rate "a mechacally strong and mod- 
ly' refracrily ling fora lab0ra 
nC.  As a bonding mateal ere  selected 
nephelfe syenite ontaining 60 sca and 24% 
Una; it al containS enough Soda and tash 
 lower ë fusion point to about 1250  C. whfle 
iflal liquid formation takes place below 1050. 
is-iS used r cruing to 20 mesh and 
incorrad  the extent of 15% of the tal 
mixte. e mixed materlal is bed-in at 
1250-1300  C.,at which temperate a very strong 
ceramic bond is developed, and át ultate equi- 
lib e major constiuén magnesia, alu- 
minà and siHca are present in prortio 69.6, 
16.8 .and 13.6%, resctively. ese alone form 
no iquid below 1700  C, and, while appriable 
qntities of aal!es occur in the low-melting 
Constituent, e cotitute 0nly aut 2% of 
the final mixture, and do hot detract from its 
Value as a refractory for use at moderate tem- 
ratures  
ere ha been prepared from a naurally 
cing magnesite a granar refracry con- 
tning magnia, alumina and siHca in the pro- 
ro .90, 4 and 6%, respecively, and this 
 be bonded for use in brick manufacte. 
ual procedure is followed except that there 
inoerrated in the material belote tempering 
aut 8% by weight of claY bck grog, marie by 
crhing cu brick containg eentially 40 
al and 60% sflica until all passes 6 
and aut 35% paes 20 mesh Actually, min0r 
prortio of other oxides in the grog, amount 
ing  a 1 of about 5%, cause it fo form 
al liqd below 1400 and about 80 % of liquid at 
1500  C. e grog bon the ma stronglywhen, 
un heating the brick  1500  C., it melts and 
re with the granules to form spinel and 
forsterite. The impurities in the .grog it wîll.be 
obseed, constitu oy 0.4 % 0f the al briC. 
e over-a checal comsition is sbstan- 
tlly 83 magnesia, 7 alumina and 10% silica, and 
e corrnding mineralogical comsition is 
9.6 spinel, 24.1 forste and 66.3 % pericla$e, one 
which ls again higy refractory. 
 rults are al obtained when thè çlay 
bck grog confins subsntial equal pror- 

6 
tions of silica and alumina, in which case the 
composition approximates the corner x of the 
hexagonal area A of Figure 3. 
Excmpe 5 
5 Granular magnesia almost,100% pure i  avail 
able from careful selection and dead-burning of 
Cal/fornia mgnesite, and it is desired to use 
this in making the monolithic hearth of a basic 
10 open hearth steel furnace. It is flrst crushed to 
pasS 4 mesh, in which form it contains 30% of 
minus 20 mesh material..Eighty parts of this 
highly refractory magnesite are then mixed with 
20 parts of minus ô plus 20 mesh synthetic 
15 granules lormed by sintering kyanlte or bauxite, 
clày and magnesite to a product contalning 15 
magnesia, 50 alumina and 35 % silica, and crush- 
ing and screening the sinter. It will be observed 
from Figs, 2 and 3 that this nonrrefractory prod- 
2O uct forms about 60% of licluid even at 1500 ° C., 
and that its composition lies at the corner w of 
the hexagonal area A of Fig. 3.  The mixture of 
the two materials is then thrown a little at a time 
into the open hearth furnace held at 1650 ° C., 
25 and is burned-in according to the usual practice. 
Fusion of the synthetic constituent occurs almost 
immediately, and it strongly bonds the refractory 
particles of magnesite together as it eacts with 
them and is itself eliminated. The ultimate 
30 product contains substantially 83 magnesia., 10 
alumina and 7 % silica, a composition which does 
hot completely melt below 2600 ° C. 
It is of interest to contrast such a hearth with 
one prepared in a similar way from mixtures of 
35 magnesite and open hearth slag, which is already 
highly basic, as has long been customary in the 
steel industry. In the slag, all of the acid con- 
stituents (including SiOn., P.O», AI.O3 and FeO3) 
are already present in combinations with lime 
40 from which they cannot be diSplaced by .mag- 
nesia. The result is that no appreciable reaction 
takes place between the magnesite and slag, and, 
after burning is completed, the hearth still con- 
sists of particles of periclase embedded in slag of 
45 substantially the original composition..The lat- 
ter will still melt at ordinary open hearth tem- 
peraturesi and the bottom is therefore susceptible 
to physical erosion, whether from solid charge 
dropped into the furnace or from one of the oc- 
50 casional "boils" which, if hot stopped by prompt 
tapping of the heat, often make a hole completely 
through the refractory lining and result in loss of 
the heat through the bottom. It will .be recog - 
nized that much greater resistance is offered to 
55 the action of a boil when the refractory bottom 
is formed by the method and materials de- 
scribed in this example, and.as a consecluence of 
the elimination of. licluid retains a .substantial 
Proportion of its mechanical strength even at the 
60 highest open hearth temperatures. 
Excmpe 6 
It is. also evident that the same combinátion 
of materials used in Example 5 can be applied 
65 in f0rming a refractory ramming mixture for use 
.in open hearth or electric steel furnaces. In this 
case it is desirble to have about 50% of the 
granular refractory to be bonded crushed to 
20 or even 40 mesh, in order that sufllcient fln 
70 may be present, to permit ramming the mix 
t a mass of high density, but it is still 
tó bave the non-refractory material present:. 
larger granules, such as the minus ô 
Sie previously specified. A bottom of 
75 Cànbç rammçd without the addition. 
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bonds,:such.as are used In most rammir mix- appïoaching 2000 ° C., with initial ]lquid orma- 
tues, for when heated,  the non-rofractory ion about 700. In hhis case if is net essentia1.to-. 
granules melt and bond the surface strongly te- orm the exact composition of flie 157 ° euctic 
gether for a depth of some Juches. Lower down, between manesia and silica,and good results are. 
reacion may at fist be incomplète, or even de- 5 in fact obtined when the silica content of the 

layed until erosion of the original surface per- 
toits the heat to penetrate and bond the remain- 
ing material. The final composition is of course 
OEe saine asin Example 5. 
Example 7 
.In thisexample, the granules contain 80 mag- 
riesla, 10 alumina and 10% silica, and the low- 
melting bonding constituent is ruade by fusing 40 
parts of serpentine with 60 of nepheline syenite. 
This combination gives the three constituents 
magnesia, alumina and silica (which constitute 
about 90% 'of the total weight) in almost the 
ëxact proportions .of the eutectic melting at 
1347 ° C.-20.3, 18.3 and 61.4%, respectively, and 
the composition is theref0re a partïcularly 
faVouable onefor use as a bond at low retapera- 
turcs. After being melted, it is granulated in 
water, as a convenient means of reducing it to 
substantially the desired grain size. Used in the 
.proportions of one part te four of granules con- 
ining 80 magnesia, 10 alumina and 10% silica 
i produces a highly refractory material having 
thèse oxides present in proportions 69.5, 11.2 and 
19.3 %, respectively. 
Example 8 
Another eutectic in the magnesia-alumina- 
silica system, melting at 1362 ° C. and containing 
25 magnesia, 21 alumina and 54% silica, can be 
.closely approached in composition by sintering 
or melting together equal parts of natural olivine 
and kaolin. When 12 parts of this product are 
used te bond:88 parts of granules containing 60 
magnesia, 30 alumina and 10% silica, îusion of 
the non-refractory constituent is easily effected, 
and the product contains the same oxides in sub- 
stantiaily the proportons 56, 29 and 15% respec- 
tively. Such a composition can be fused te a 
liquid only at about 2000 ° C. 
As will be evident frein the magnesia-alumina- 
silica phase equilibrium diagram (Fig. 1) serpen- 
tine, talc or enstatite can be substituted for the 
oiivine, and ,any aluminum silicate containing 
45% of silica or more for the kaolin, and equal 
proportions by weight wi11 still produce upon fu- 
sion a non-refractory constituent forming a high 
portion of liquid even below 1400 ° C. Such 
Io-melting materials are therefore particularly 
easy to make. 
Example 9 
Suitable non-refractory constituents can also 
be marie substantially without alumina. For ex- 
ample, when serpentine, which is availabie as 
a waste product in the asbestes district of Quebec 
and contains about 38% each of magnesia and 
silica, iS heated with enough silica te change the 
ratio of thèse oxides from 50:50 te 35:65, the 
composition of the 1547 ° eutectic between clino- 
enstatite (MgO.SiO2) and silica is reached, and 
the effect of the iron oxide in the impure serpen- 
tine is te reduce the melting point below 1500 ° C. 
The composition in question is close te the corner 
u of the hexagonal area A of Fig. 3. Using 15% 
 ëif: the product with 85% of synthetic granules 
eontaining 50% each of magnesia and alumina 
givesproportionsof magnesia, aluming and silica 
in the/ïnat product substantially 48» 43 ard 9 %. 
Ïrï spire of the 10w magnesia-content, such a.rná- 
èrial ¢:ias a- -temperature of complète - liquidity 

non-refractory constituent, on-the basis of mag-- 
nesia and silica only, is kept in the range 60 te 
70%. Obviously; any other magnesium silicate 
may be substituted for the serpentine: " .: 
Examle 10 . . ..... 
In forming the non-refractory constituen t 
may be convenient te use three or more raw ma.- 
terials, and one of thèse may in fact conveniently. 
15 bave the saine composition as the granules te bè 
bonded, as when a particular grain size of tiïis 
refractory material is available in excess-of the 
requirements for other purPdses. For example,/ 
when the refractorY granules- contain 80 mag- 
20 nesia, 15 álumina and 5% sflica: 50 parts maY 
be fused with. 30.6. parts of siliCa and 19.4of 
a calcined bauxite containing 90 alumina and 
10% silica te a non-refractory product with 40 
magnesla, 25 alumina and 35% silica... This com- 
25 positionis at the cofner v of the hexagonal area. 
A oflig.. 3. If, then, 25 parts of this low-melting. 
material are used te bond 75 parts by weight .of 
the original refractorY granules, the ultimate: 
pïoduct wili contain substantially 70 magnesia, 
30 17.5 alumina and 12.5.% silica, which will .attain 
complète liquldity only ai about 2350 ° C., and. 
will f0rm no liquid bel0w 1700. In this case, 
three highly refractory materials, of which one 
bas the same COmposition as the granules te be 
5 bonded, bave been combined te ferre the non- 
refractory constituent, and this has in turn been 
eliminated by reaction with more of the refracr 
tory granular material. 
The above examples iliustrate the very broad 
40 scope of the invention and the limits of compo- 
sition of the non-refractory constituent within 
which good results bave been obtained. Thèse 
limits may be defined as comprising all composi- 
tions which, on the basis of their magnesia, alu- 
45 mina and silica contents alerte (that is, neglect- 
ing miner proportions of lime, iron oxide, etc.) 
lie within the boundaries Of the rectilinear, hexagr. 
onal figure A in the magnesia-alumina-silica 
phase equilibrium diagram (Fig. 3) defined by 
5O the corners having compositions (z) 18 magnesia, 
0 alumina, 82% silica, (y) 0 magnesia, 18 alu 
mina, 82% silica, (x) 0 magnesia, 50 alumina, 
50% silica, (w) 15 magnesia, 50 alumina, 35% 
silica, (v)  40 magnesia, 25 alumina, 35% silica 
55 and (u) 40 magnesia, 0 alumina and 60 % silicC 
Compositions lying substantially outside thîs 
hexagonal area are. too refractory to give g0od 
results when used as herein described. - 
The limits of composition of the non-refrac- 
60 tory constituent, whether naturally occurring or 
preformed may also be approximately defined as 
including all combinations of magnesia., alttmina 
and silica (with hot more than 25% of all other 
compounds) which are at least substantially 75% 
65 molten aç 1500 ° C. (F4g. 2). . 
A. preferred, and somewhat smalier, range 
composition of the non-refractory constituen is 
thaç which, on the same-basis, lies within the 
boundaries of the ïectilinear hexagonal: figure:B 
70 in themagnesia-alumina-silicaphase, equllibriu'ri 
diagram" (Fig. 3) dened by cornel»s ha,ing 
compositions (1). 19 magnesia,7 alumin/t,:74% 
silica, (2) 7 magnesià, 19 älumind» 74% ilïC, 
(3)7 magnsia, .37 alumina, 6%-silica, :(4) - 17 
5 magrieia,-37:alumir£ 46% sfliCa:"(5):. 32 
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nesia: 22 alumina, 46% silica, and (6) ' 32 mag- 
nesia, 7 alumina, 61% Silica. This hexagonal fig- 
ure approximatelY defines the limits witlin which 
all .commercial compositions are substantially 
100% liquid at 1500 ° C. 
For convenience in calculation it bas been as- 
sumedin several of the examples that-the non- 
refractory constituent consisted entirely of the 
0xides magnesia, alumina and silica. It will be 
appreciated, however, that, when using commer- 
cial or natural raw materials, minor amounts of 
other oxides, such as those of calcium; iron, ti- 
tanium-and the alkali metals, may be present. 
The invention is limited, however,.to the-use of 
non-refractory constituents: whêther natural or 
Synthetically preformed, which contain at least 
75 % of magnesia plus alumina.plus silica. " 
In none of the preformed non-refraCtory còn- 
-stituents is any of the magnesia at ultimate eqUi- 
librium present as periclase. When they are 
rapidly cooled from the liquid condition, as/by 
granulation in water, they form a glass, and 
when slowly solidified they crystallize to .various 
silicates-of magnesia and alumina, the nature 
Of whiah depends upon the composition of the 
melt. In no case, however, does the magnesia 
crystallize as periclase, and this is important, 
since by. using magnesia only in the combi.ned 
form:it is possible to produce materials .which 
are. at least substantially 75% liquid .at 1347- 
1500.C., instead of being only somewhat plastic 
even at much higher- temperatures, as disclosed 
in the prior art. 
- It is evident that, while the-granular particles 
of refractory material .tobe bonded always con- 
tain a large proportion of oxide c0nstituents in 
the magnesia-alumina-silica system, the pres- 
ence of minor proportions of other oxides, such 
-as those Of lron, titanium and lime, is permissible. 
The invention is limited, however; to the bond- 
ing of refractory granular matérials containing 
at least 60% by..weight, on the dead-burned or 
loss-free basis, of magnesia, alumlna and silica, 
and having a ratio of magnesia to silica and alu- 
nïina at least equivalent to 1.5 .rimes the silica 
plus 0.5 rimes the alumina. Preferably, the basic 
granular material tobe bonded should contain 
at least 10% of free magnesia in excess of that 
recluired to form magnesium ortho-silicate with 
all the. s!lica present and magnesium aluminate 
with all the alumina in the granules, and not 
more than 5 % of lime: 
In regard to the proportions of the non- 
.refractory and refractory constituents fo be nsed 
in any iarticular-case, it will be observed from 
the examples given that these may vary widely. 
In the magnesia-alumina-silica system, however, 
a definite limit does exist, and use can be ruade 
only of those mixtures of non-refractory and 
refractory constituents which, in their over-all 
composition, contain suIficient magnesia to form 
forsterite with all the silica present and spinel 
wlth all the alumina, that is, the weight ratio 
of magnesia to silica and alumina must hot be 
substantially less than 1.34 rimes the silica plus 
0.40 rimes the alumina. Such materials, if pure 
and fully reacted, form no liquid below about 
1700 ° C. Were appreciably less magnesia pres- 
ent, the over-all composition would be above the 
forsterite-spinel join (Fig. 1), and liquid would 
be formed in at least small quantities at a tem- 
perature of 1372 o C. In the final product this is 
of course undesirable. To thoseversed in the 
art, it is a simple mathematical problem to calcu- 
late the proportions of the two materials which 

will give the desired result in any particular case. 
In most cases, it is advantageous to bave in the 
final product more than the minimum am0unt 
of magnesia, as the presence of considerable 
5 excess magnesia brings about a still higher de- 
gree of refractoriness. 
. It will be readily understood that many spo- 
cific applications of the method herein disclosed 
may be ruade. A number of these lave been 
10 scribed in the several examples given above. The 
invention is not limited, however, to any particu- 
lar fields of application, but only to the bond- 
ing of refractory granular particles by the use 
-of siliceous non-refractory materials of the par- 
15 ticlar .type herein described. 
This application is a continuation-in-part Of 
copending application S. N. 688,264, filed August 
3, 1946, now Patent Number. 2,568237, issued 
September 16, 1951. 
20.. What is claimed is: 
1. : meth0d of consolidating refractory gran- 
ular.material, into a mechanically strong and 
-highly refractory product which.comprises mix- 
ing refractory granular particles containing a 
'25 total of at leat 60% by weight of magnesia, 
silicaand alumina and not more than 5% of lime, 
and in which the weight ratio of magnesia to 
silica and alumina is at least equal to 1.5-times 
 the silica plus 0.5 times the alumina, with non- 
80 .refractory material containing a total of at least 
75% by weight of silica, magnesia and alumina 
of which substantially 35 to 82% is silica, 0 to 
40% is magnesia, and 0 to 50% is alumina: the 
mixture of refractory and non-refractory ma- 
5 terials having a weight ratio of magnësia to Silica 
and alumina at least substantially equal to1.34 
rimes the silica plus 0.40 times the alumina, and 
heating the mixture.to a temperature higher than 
that of incipient fusion of the-non-refractory 
40 material to form liquid and coat the particles of 
granular refractory material and by reaction 
eliminate the non-refractory silicate and thereby 
bond the granules into a highly refractorY and 
consolidated mass. 
45.. 2. A method of consolidating granular refrac- 
tory matérial into a mechanically strong and 
highly refractory próduct which comprises form- 
ing an intimate mixture of two types of. mate- 
rials, the first type consisting of basic refrac- 
50 tory granular, particles containing a total .of at 
least 60% by weight of magnesia, silca and 
alumina and not more than 5% of lime and in 
which there is at least 10% by weight of tle 
.granular parti,les of. free magnesiain eXCeSS of 
55 the amount required to form magnesium ortho- 
silicate with all the silica and magnesium alu- 
minate with all the alumina in the granules, and 
the second type consisting of non-refractory 
.silicate containing a total of af least 75% by 
60 weight of silica, magnesia and alumina, of which 
substantially 35 to 62% is silica, 0 to 40% is 
magnesia and 0 to 50% is alumina, the said 
intimate mixture of basic granular refractory 
material and non-refractory silicate having a 
65 weight ratio of magnesia to silica and alumina 
at least substantially equal to 1.34 rimes the 
silica plus 0.4 times the alumina, heating the 
mixture to a temperature higher than that of in- 
70 cipient fusion of the non-refractory silicate to. 
form liquid and coat the particles of granular 
refractory material and by reaction with their 
free magnesia convert the non-refractory silicate 
into magnesium orthosilicate and the alumina 
75 into magnesium aluminate and thereby bond the 
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granules into a high!y refractory and c, onso!idat- 
ed mass. 
3. ,A method.of consolidating refr_actory .granu- 
lar particles into a mechanically strong and high- 
ly refractory product which comprises mixing 
said granular particles consisting essentially of 
ma.gnesia, alumina and silica in which the weight 
ratio of magnesia to silica and .alumina is af 
lest equivalent to 1.5 rimes the silica plus 0.5 
rimes the alumina, with a non-refractory mate- 
rial having a composition within he range (1) 
19 magnesia, 7 :alumina, 74% silica, (2) i mag- 
nesia,...19 alumina, 74% silica, (3) 7 magnesia, '37 
.alumtna, 56% ,sitic@, .() 17 magnesia, 3i alu- 
mina, 46% silica, (G) 3-2 magnes, 22 .alumina, 
46% silica, and .(6) .32-magnesia, 7 alumina, 61% 
siliça,, the ,weight ,.ratio of magnesia £o silica and 
alumina in the mixture being _at leas£ substan- 
tially equal to 1.34 rimes the 8i!ic plus 0.40 rimes 
the alumina, and heating the mt.ure £o a rem» 
,p, er.ature higher tha:n ,.that of incipient fusion of 
 tle non-refçactoY rpateril .to form licluid to 
coat and react wifh he said granular refrac. or.y nîiatri.al and consolidate the mass. 
t, A meth0d s defin¢d in claire 2 herein the 
r.e.frtctory gzanutar material consis£s essentially 
._o peiclae. 
5. A mehod as defined.in claire 2 wherein .the 
.0-r_efractory silicate cont.ains 2 .fo 0% mag- 
eia in-combL'd form ,and rtone .as p.ericlase. 
6, .A method :as dfined in claim ,.3 wherein .the 
noa-rvfactory-si!;ica-.te conLss essentially .of the 
_:aagnea,alumina-.sfiica e.uec,tic melting af 
.about 147 ° C..nd. containing :S_ubsantilly 20.3 
magnesia, t,8.3 alumi,n .nd .6t.4% s.tlica. 
. A method aS defmed in ,ctim 3 whezein the 
-n.on-ractor:y i!icate co_ns, its e.ss.entilly of the 
m.a-gnes,a-alumina-sitica eute¢ic melting at 
aho,t .1362 ° C. =and eontaing ubstantially 25 
mgnesi, ,2:1 altmna .n_d :54% :silica. 
. A method :s ._d_e. _fme_d .in claire 2 wherein the 
.n.on.-,rerstc£o[Y :.si:!icate :ts .af ieas.t .one of a :goup 
:consisting :of :grsaùte..sy.enite .and diorite.- 
9. A method as defined in claim2 wherein the 
ar£ig maeral$ :for .he.on-zefraatory silicate 
,cmpçi,s,.e subst,niliy e.qual proportions of. an 
am-i!u lh'ca.t9 corttaining at ieast ,45% ,of 
Siç ard «one of t .group consisting .of olivine, 
erpentn¢, t.al..e and.esiatite. 
10. A ï-eth0.d _s._dfined in_cl'2 :vherein %he 
:n0n-_refractçry i!i.cate _is -formed ;by heating .£o 
a .e_mPeZ$.tu_re :!figher than that of incipient 
f.ttsio at _t_etst ,ore :of  grp .consisting of -nat- 
ural :oRine, .s.e'p.eni:ne, $.alc and _enstfite .w£th 
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sitica $o brîng he .si|tca conJenç of $.h rad 
turc -itn t ynge 60 o '70%.. 
5 incipient fion. 
-tially 75% molten t .!500 * Ç. 
10 th¢ :on-refractory mateiat is -@t le$.s 
tial]y !0.0% moltn t 'gSOB  C. 
-wager. 
5 !. A method .s dçfind in .çlim i werB 
!est S0% by eht ,of-t¢ g.rr 
prticls r ¢ors¢.r th 20 0 gril .$ corer thon 20 :mesh. 
17. A btch mtergl :for the pcprtion of 
v.efrcto masses n.d :shp¢ wic 
, intimte mixture ,of two $ of 
,the first "type COnsis$ing 0f ,bsi,c .rfrcto gn- 
.mo r.e«ured to orm-mgaesi 
:second .type const .: n on -.efr..c y.site 
contng  total of t le.st 75% by .eit ,f 
sific, :mnesi and .al-n, of w¢h 
35 til]y 35 to 82% 4s sRi¢, 0 .to A0% .is-msl 
-t..e of :basic granuler .vefracto.ry :mtzil nd 
40 ,stanti-lly eql £o 134 mes the sic ,plus 
tins the lna. 
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